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Abstract Seasonal polyphenism of Eurema blanda arsakia (Fruhstorfer, [1910]) was inves- 
tigated in the field and the laboratory experiments. This species shows seasonal changes in 
wing pattern (summer and autumn morphs) in Japan. At 20°C the autumn morph is produced 
under a short-day photoperiod (12L-12D) and the summer morph under a long-day photoperiod 
(16L-8D). The degree of the change in the wing pattern was larger in the female than in the 
male, and larger on the underside of the forewing than on its upperside. At 25°C little 
difference was found in the pattern between these two photoperiods. The results suggest that 
temperature and photoperiod are responsible for the seasonal morph determination in £. 
blanda. These also can account for seasonal changes in the wing morphs in the field, where 
summer morphs are abundant in June and autumn ones abundant in November. 
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Introduction 


In the temperate region, many butterflies undergo drastic changes in color-pattern, shape 
and size of wings in response to environmental factors such as temperature and photoper- 
iod (see a review by Masaki and Yata, 1988). These changes are known as seasonal 
polyphenism, and it is generally associated with hibernal diapause. However, even in the 
tropical or subtropical region where the atmospheric temperature is enough for growth and 
reproduction throughout the year, seasonal-morph change has been known in some 
butterflies, which is sometimes associated with reproductive arrest (Brakefield and Reits- 
ma, 1991; Kato and Handa, 1992; McLeod, 1968). Thus, a full understanding of the 
climatic adaptation of the subtropical or tropical butterflies is very interesting. 


Eurema blanda Boisduval is widely distributed from tropical to subtropical regions of 
South-East Asia. In Japan, the subspecies avsakia Fruhstorfer inhabits the subtropical 
part of the Ryukyu Islands (e. g., Ishigaki Is. and Iriomote Is.). The adults show seasonal 
morphs (summer and autumn morphs) like other tropical Eurema species (Yata, 1994). On 
the upperside of the wing, summer butterflies have a wide marginal black-border, and 
autumn butterflies have a narrow black-border (Fig. 1), while on the underside the former 
has no or little developed brown-markings, and the latter having well-developed brown- 
markings. However, little is known about the environmental factors affecting the sea- 
sonal morph determination of the species. 


In this study, therefore, the influence of temperature and photoperiod on seasonal morph 
determination is reported together with the data on wing morphs in wild specimens. 


Materials and Methods 


Field survey was carried out in November 1990 and June 1991 on Ishigaki Is. and Iriomote ` 
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Fig. 1. Seasonal morphs of Eurema blanda of the Ryukyu Islands. (left), summer morph ; 
(right), autumn morph. (A), male; (B), female. (1) and (2), upperside ; (3) and (4), 
underside. 
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Is., Okinawa Prefecture. The adults caught were sexed, and the scores of wing morphs 
recorded. 


Eggs of E. blanda were obtained from wild females in captivity, and also from their 
offspring. Larvae and pupae were reared in plastic boxes (611 cmX6 cm or 20cmxX14 
cm X6cm) at 20 or 25°C under 12L-12D or 16L-8D. As larval food, an artificial diet 
containing leaf powder of Albizzia julibrissin (Fabaceae) (Kato, 1993; Kato and Sakakura, 
1994) was given. 


The wing morphs were classified as follows. For the upperside of wings, the marginal 
black border of the forewing was classified into four groups according to its area and shape 
(score BO to B3; Fig. 2). In score BO, the black border is wide, while in score B3 it is 
narrow and little developed at the tornal area. Scores Bl and B2 are intermediates. For 
the underside, the subapical brown marking on the forewing was classified into six groups 
(score M0 to M5; Fig. 3). In score MO, the subapical marking is not visible. In scores M1 
and M2, the marking appears as spots. They are larger in M2 than in M1. In score M3 
the spots are partly fused, and in score M4 all spots form one patch. Inscore M5 the patch 
is diffused toward the apical edge. 


Seasonal morphs in the field 


Figs 4 and 5 show seasonal variations in the scores of wing morphs. Regarding the 
marginal black border on the upperside, most of the males had score of B2 or B3 (mean: 
2.6) and the score of the females ranged from B0 to B2 (mean: 1.1) in November. In June 
specimens, most of the males had B2 and all females BO. The level of B-score was higher 
in the male than in the female. 


For the subapical marking appearing on the underside, the score of the males ranged from 
M0 to M4 (mean: 2.1) in November, that of the females ranging from M2 to M5 (mean: 


GG 
PD 


Fig. 2. Scores of the black distal border on the forewing upperside. See text for details. 
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Fig. 3. Scores of the subapical brown marking on the forewing underside. See text for 





details. 
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Fig. 4. Frequency distribution in the expression of the black marginal border of the 
forewing upperside in wild specimens. (A), November 1990 ; (B), June 1991. 


4.6), and in June specimens, the score of the males was M0 and that of the females ranged 


from M0 to M2 with a mean of 1.2. The level of M-score was higher in the female than 
in the male in contrast with B-score. 
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Fig. 5. Frequency distribution in the subapical brown marking occurring on the forewing 
underside in wild specimens. (A), November 1990; (B), June 1991. Sample sizes 


are the same as in Fig. 4. 


Influence of temperature and photoperiod on wing morph determination 


At 20°C, the mean of B-score in the male as well as in the female was slightly higher under 
12L-12D than under 16L-8L (Fig. 6). But at 25°C there was no difference between these 
photoperiodic groups. The level of the score was higher in the male than in the female. 


On the other hand, the mean of M-score at 20°C was higher under 12L-12D than under 16L- 
8D, but at 25°C the photoperiod brought about no change in the M-score. For the 
underside, the level of the score was higher in the female than in the male. 


Besides, the yellow ground color of the wing varied according to the environmental 
conditions given. In particular, the yellowness on the underside of wings was richer at 
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Fig. 6. The mean score of wing morph at different temperatures and photoperiods. (A), 
the black marginal border ; (B), the subapical brown marking. The number in the 
parentheses shows the sample size. The sample sizes in (B) are the same as in (A). 
Vertical bars show standard deviations. 


20°C and 12L- 12D than at 25°C and 16L-8L. This phenomenon occurred in both sexes. 


Developmental duration from hatching to adult eclosion changed according to the rearing 
temperature (z.e. about 28 days at 20°C and 18 days at 25°C), but the photoperiodic condi- 
tions tested did not make any difference in the development. 


Pupal coloration 


Black pigmentation in pupae was clearly influenced by temperature and photoperiod (Fig. 
7), although detailed assessment of the degree of blackness was not carried out here. Most 
of the pupae became black at 20°C and 12L-12D, while production of the dark pupae was 
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Fig.7. Color variation of the pupae reared at different temperatures and photoperiods. 
(A): green pupae. (B) and (C): intermediates. (D): black pupae. 


inhibited at 25°C and 16L-8D, and the pupal color was green. At 20°C and 16L-8D, or at 
25°C and 12L-12D, intermediates were produced. 


Discussion 


Field observations clearly show that in the subtropical population of E. blanda the wing 
pattern changes with season, and the variation of the underside markings is particularly 
great. This tendency is similar to the case of subtropical E. hecabe (cf. Kato and Handa, 
1992). 


Laboratory experiments have shown that the level of the score in each wing-side is higher 
under short photoperiod than under long photoperiod, and that this photoperiodic effect is 
pronounced at 20°C, but not at 25°C. These findings suggest that photoperiod and tempera- 
ture are responsible for the seasonal morph determination in this subtropical butterfly as 
well as temperate butterflies (Masaki and Yata, 1988). This contrasts with the seasonal 
morph determination in some tropical butterflies where temperature, but not photoperiod, 
is the most important factor (Brakefield and Reitsma, 1991 ; McLeod, 1968). 


In the present experiments, however, the author did not investigate whether or not there 
is any relationship between wing morph variation and reproductive potentials of the adults 
as observed in other butterfly species (Masaki and Yata, 1988), or not. In this point, 
further investigation is required. 


It is known that in some lepidopteran species, dark pupal coloring is determined by 
environmental factors such as temperature, photoperiod, and the surroundings where 
pupation occurs (Ichinosé and Asawa, 1964 ; Ishii, 1977 ; Koch et al., 1990). In E. blanda, 
blackening of the pupa seems to be caused by low temperature and short photoperiod 
during the development. Furthermore, unpublished observations suggest that a neuroen- 
docrine factor may be involved in this coloration (Kato, unpublished). 


In the present experiments, all larvae were reared with an artificial diet but not on fresh 
leaves. The influence of diet on wing morph and pupal coloration will have to be studied 
in future. 
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VADY*F a Eurema blanda arsakia (Fruhstorfer) O#fi% #28, BA (GIBB EOURRB) 
BKOURRAEP CHOON. KREIMORB NY y EMEA (BH - KB) SRT. 20°C TC 
id, WH (12L-12D) RAF CRHAARRMEH, KA (16L-8D) KA FCBHOACK. BHM 
DIERBER OD SME VT, KRMORAMED SBA BOCKE DOK. LML, CCH, $ 
MBA (LOR RARE CMY Th dork. tno, KHOBMAM RE It BE CLASS 
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